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Abstract  

The r e l a t i v e  e f f ec t iveness  of SnCl and Co/Mo/A1203 ( s i l i c a - s t a b i l i z e d )  
f o r  t he  hydrogenolysis o f  solvent-ref ingd coa l  was s tud ied  i n  a batch autoclave 
with t e t r a l i n  as so lven t .  SnCl was except ional  i n  higher  H consumption, 
higher  l i que fac t ion ,  and higher  r a t i o  of  low molecular weigh$ products  i n  the  
o i l  f r ac t ion  than e i t h e r  Co/Mo/Al 0 or  i n  c a t a l y s t - f r e e  tests. Discrimination 
between c a t a l y s t s  with respect  to2S3elimination was d i f f i c u l t  because o f  the  
low S content  of SRC; however, t he  e f f ec t iveness  with r e spec t  t o  both N and 0 
el iminat ion decreased i n  the  order  SnC12 > No Catalyst  > Co/Mo/A120g. 
production was a l s o  lower with Co/Mo/Al,O than with no c a t a l y s t ,  an e f f e c t  
which may be due t o  t h e  S i 0  present  a s L a 3 s t a b i l i z e r  i n  the  support  A120 
The r e s u l t s  are cons i s t en t  h t h  t h e  concept t h a t  coa l  ash ca t a lyzes  t h e  a l f f i c u l t  
s t e p  of  converting asphaltene t o  o i l .  
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O i l  

Introduct ion 

One of  t h e  i n t r i g u i n g  a spec t s  of c a t a l y t i c  coa l  liquefaction-hydrodesul- 
fu r i za t ion  i s  t h a t  mult i funct ional  c a t a l y s t s  a r e  des i r ab le ,  a s  is a l s o  t r u e  i n  
the  well-known cases  o f  naphtha reforming and of hydrocracking i n  petroleum 
re f in ing .  
a t  l e a s t  b i func t iona l ,  al though t h i s  aspect  has  no t  received much e x p l i c i t  
a t t en t ion .  
i s  s t i l l  not understood a f t e r  some decades of s tudy ,  but  c l e a r l y  t h e  c a t a l y s t  
exercises  cracking a s  w e l l  as hydrogenative funct ions.  The c a t a l y s t s  cons i s t ing  
of "cobalt  molybdate" supported on s i l i c a - s t a b i l i z e d  alumina a r e  a c i d i c ,  whatever 
t h e i r  d e t a i l e d  ac t ion  may be i n  t h e  hydrodesulfur izat ion of  coa l  or coal-derived 
l i qu ids .  

Most of the  individual  c a t a l y s t s  b e s t  s tud ied  i n  coal processing a re  

The r o l e  o f  SnC12 (or Sn + H C 1 ,  o r  Sn + NH4C1) i n  coa l  l i que fac t ion  

I t  is an i n t e r e s t i n g  f a c t  t h a t  t h e  b e s t  c a t a l y s t  f o r  l i que fac t ion  of coal 
i s  not bes t  f o r  hydrodesulfur izat ion.  
Kawa e t  a l .  (1974) provides a r ecen t  i l l u s t r a t i o n .  Supported SnCl , even i n  
small  concentrat ion,  was outs tanding i n  i t s  a b i l i t y  t o  promote bot2 t o t a l  
l iquefact ion and t h e  production of benzene-soluble o i l ,  bu t  not  i n  desu l fu r i za t ion .  
Supported "cobalt  molybdate" was equa l ly  outs tanding i n  giving products of low 
s content ,  but  not  i n  l i que fac t ion .  

The comprehensive c a t a l y s t  survey of  

The study of c a t a l y s t s  f o r  coa l  hydrogenolysis i s  e s s e n t i a l ,  but t he  
c a t a l y t i c  e f f e c t s  of coa l  ash i t s e l f  may confound the  i n t e r p r e t a t i o n  of the  
e f f e c t s  of added c a t a l y s t s .  There i s  some advantage, t he re fo re ,  i n  studying 
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added c a t a l y s t s  f o r  t h e  hydrogenolysis of so lvent - re f ined  c o a l  (SRC) r a t h e r  
than of  coal  i t s e l f .  SRC is e s s e n t i a l l y  ash- f ree .  

The present  l imi ted  s tudy  was intended t o  explore  what seem t o  be extreme 
cases  of c a t a l y t i c  a c t i o n ,  with t h e  use  of SRC a s  feed.  
comparison o f  
(c) a commercial Co/Mo/SiO -A1 0 at low concent ra t ion .  I n  some ways SRC i s  a 
reasonable "model compound2 wi%h3which t o  s tudy t h e  d i f f i c u l t  s t e p s  i n  coal-  
t o - o i l  conversion f r e e  o f  t h e  complication of  i n t r i n s i c  c a t a l y s t  (ash) .  The 
sample of SRC was almost completely s o l u b l e  i n  p y r i d i n e ,  i n  Soxhlet e x t r a c t i o n ;  
only 17% soluble  i n  e i t h e r  benzene o r  toluene;  and almost inso luble  i n  n-pentane 
( < 2 % ) .  
and "oil". as well a s  o f  hydrodesul fur iza t ion ,  may t h e r e f o r e  be followed 
conveniently with SRC a s  feed.  

The s tudy i s  a 
(a)  no c a t a l y s t ,  (b) unsupported SnC12 at  low concentrat ion,  and 

The d i f f i c u l t  s t e p s  of convert ing pyr id ine-so lubles  t o  "asphaltene" 

Experiment a1 

Equipment 

A l l  autoclave experiments were conducted with t h e  same 1-9,. stirred auto-  
c lave  (Autoclave Engineers Model MB-1005 Magnedash) used i n  t h e  work o f  Yen 
e t  a l .  (1976). A s  i n  t h e  e a r l i e r  s t u d i e s ,  a g l a s s  l i n e r  was used i n  t h e  auto-  
c lave  t o  e l imina te  p o s s i b l e  c a t a l y s t  "memory e f f e c t s " .  
were made i n  equipment used f o r  product ana lyses :  

The fol lowing changes 

1. A t  t h e  conclusion o f  a run,  a f t e r  cooldown, autoclave gas was 
passed through 2N z i n c  a c e t a t e  so lu t ion  ( r a t h e r  than  c a u s t i c )  
i n  t h e  scrubbing b o t t l e s ,  t o  remove H2S and permit subsequent 
a n a l y s i s  of  H2S by an iodometr ic  method. 

through an on-l ine gas chromatograph (Perkin-Elmer Model 810) 
f o r  a n a l y s i s  o f  l i g h t  hydrocarbons. The column was 7 f t .  x 
1 / 8  inch Porapak Q,  operated a t  80'C.; flow r a t e  of  t h e  He 
c a r r i e r  was 45 ml./min. 

Analysis of  t h e  "o i l "  samples was performed with a Varian 
Aerograph gas chromatograph, Model 1420, equipped with 5 f t  
x 1 /8  inch columns packed with 1.5% OV-101 on 100/120 
Chromosorb G - H . P . ,  wi th  a helium c a r r i e r  flow r a t e  o f  25 
ml./min. 
f o r  t h e  f i r s t  3 minutes a f t e r  sample i n j e c t i o n ,  a f t e r  which 
t h e  column temperature was increased  from 125OC. t o  (a 
maximum of)  270'C. a t  the  programmed r a t e  of 15"C./min. 
The G.C. d a t a  were processed with a Varian CDS-111 Data 
System and v i s u a l l y  displayed on a Leeds and Northrup Azar 
recorder .  

2 .  After  t h e  scrubbing b o t t l e s ,  t h e  autoclave gas  was passed 

3.  

The column was opera ted  i so thermal ly  a t  125'C. 

Mater ia ls  

The so lvent - re f ined  coal  used i n  t h i s  work was obtained,  through the  
courtesy of Mr. E . L .  Hoffman, from t h e  p i l o t  p l a n t  operated i n  Wilsonvi l le ,  
Alabama by Southern Serv ices ,  Inc. Our mater ia l ,  s a i d  t o  have been made from 
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Kentucky No. 14 c o a l ,  has  t h e  fol lowing elemental a n a l y s i s :  
1.3% N ,  0 .7% S,  and 5.3% 0 (by d i f f e r e n c e ) .  These values  a r e  c lose  t o ,  but  
d i f f e r  s l i g h t l y  from, " typica l  values" repor ted  f o r  t h e  Wilsonvi l le  p l a n t .  
Ash was about 0.2%. 

from Fisher  S c i e n t i f i c  Co. The Co/Mo/Al O3 c a t a l y s t  was 6arshaw Type 0402T, 
containing approximately 15 w t . %  MOO 
alumina (5% Si02) .  
e t  a l .  (1976). 

86.77% C, 6.0% H ,  

The t i n  ch lor ide  used as  c a t a l y s t  was ACS grade SnCl . 2H20, obtained 

3 w t . %  COO on s i l i c a - s t a b i l i z e d  a d  3 I t s  p r o p e r t i e s  a r e  given i n  g r e a t e r  d e t a i l  i n  Yen 

Procedures 

Procedures f o r  t h e  autoclave experiments were e s s e n t i a l l y  t h e  same a s  those 
used by Yen e t  a l .  (1976), except f o r  t h e  addi t ion  of  a s o l i d - s t a t e  temperature 
c o n t r o l l e r  (Barber-Colman Model 520) f o r  t h e  2 kw. furnace.  I n t e r n a l  tempera- 
t u r e s  were monitored by a chromel-alumel couple, i n s e r t e d  i n  t h e  autoclave thermo- 
wel l ,  connected t o  a m i l l i v o l t  potent iometer .  I n i t i a l  (cold) H p ressure  was 
1000 ps ig  i n  a l l  experiments. The autoclave "dasher" was operaged during heatup 
and t h e  reac t ion  per iod  of  1 h r .  a t  45OoC. (+ 5°C.) a t  t h e  constant  frequency o f  
180 s t rokes  per  minute. 

The procedures f o r  analyzing t h e  letdown gases at  t h e  conclusion of a run 
have been descr ibed  above. A s e r i e s  of e i g h t  gas samples was taken during t h e  
letdown period f o r  G.C.  ana lys i s ;  t h e  analyses  f o r  any s i n g l e  run were i n t e g r a t e d  
t o  obtain t o t a l  gas composition. 

After  the autoclave was unsealed,  t h e  g l a s s  l i n e r  with i t s  conten ts  was 
removed f o r  ana lys i s .  
the  autoclave,  was removed by a s p i r a t i o n ,  c o l l e c t e d ,  and weighed; i t  was denoted 
as  "autoclave residue".  Although t h e  average amount of "autoclave residue" was 
approximately 14 w t . %  of t h e  t o t a l  i n i t i a l  charge (75g. SRC + 300g. t e t r a l i n ) ,  
it was not  included i n  t h e  mass balance o r  i n  t h e  product separa t ion  scheme 
because of poss ib le  c a t a l y t i c  e f f e c t s  of t h e  metal autoclave wal l s .  

Some mater ia l ,  found outs ide  t h e  l i n e r  i n  t h e  bottom of 

The separa t ion  scheme used f o r  l i q u i d  and s o l i d  products  is summarized i n  
Figure 1. D i s t i l l a t i o n s  i n  Run 1 (see  Table I )  were performed a t  atmospheric 
pressure ,  as was done by Furlani  e t  a l .  (1976). I n  a l l  o t h e r  runs,  t h e  
d i s t i l l a t i o n s  were genera l ly  conducted a t  30-35 Torr .  under a N 
Separat ion of "asphal tols"  ( toluene-insoluble ,  pyr id ine-so luble  mater ia l )  was 
e f fec ted  i n  only a few runs; t h e  r e s u l t s  a r e  t h e r e f o r e  not  included i n  t h i s  
paper. 
t e t r a l i n  d i s t i l l a t i o n .  When t h i s  occurred,  t h e  vacuum d i s t i l l a t i o n  was c a r r i e d  
t o  a vapor temperature somewhat i n  excess of 105"C., cool ing water was drained 
from t h e  condenser, and a hea t  gun was employed t o ' d r i v e  t h e  naphthalene i n t o  
t h e  t e t r a l i n  d i s t i l l a t e .  The pot  temperature was always kept  below 250°C. i n  
t h i s  d i s t i l l a t i o n .  
i n  Lovetro (1977). 

atmosphere. 2 

Occasionally naphthalene was observed t o  be condensing during t h e  

Further  d e t a i l s  o f  t h e  separa t ion  scheme a r e  t o  be  found 

Analyses f o r  C, H ,  and N were performed with a Perkin-Elmer Model 240 
Analyzer i n  t h e  Department of  Chemistry of  t h i s  u n i v e r s i t y .  
were very k indly  provided through t h e  courtesy of t h e  Hooker Chemical Co. 

Analyses f o r  S 
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Resul ts  and Discussion 

The c a t a l y s t s  used i n  t h e  var ious autoclave runs a r e  summarized i n  Table 
I .  
d i f fe rence ,  and t h e  weights of  H S absorbed i n  t h e  z inc  a c e t a t e  scrubbers .  

Also shown a r e  t h e  weights of H2 consumed i n  each run, ca lcu la ted  by 

2 

Table I 

Autoclave Tes ts :  H2 Consumed and H2S Discharged* 

H2S 
Run 
- No. Cata lys t  

Hydrogen (g . ) Discharged 
Charged Discharged Consumed** (g.1 

1 None 3.56 2.43 1.13 0.0154 
1 A  None 4.44 3.42 1.02 0.0528 
2 SnCl *** 4.45 Not detnd.  Not detnd.  0.0139 
2A SnC12 4.53 2.78 1.75 0.0219 
2B SnC1; 4.53 2.71 1.82 0.0416 
3 Co/Mo/A1203**** 4.43 3.43 1.00 0.0487 
3A Co/Mo/A1203 4.49 3.31 1.18 0.0416 

*75g. SRC + 300g. t e t r a l i n  charged t o  g l a s s  l i n e r .  
**H consumption by d i f f e r e n c e .  
***21g. SnCl 
****lg. Harsgaw 0462T (Co/Mo/Si02-A1203) charged a s  40-60 mesh p a r t i c l e s .  

. 2H 0 charged. 

There was considerable  s c a t t e r  i n  t h e  H S da ta .  However, t h e  S measured 
as  H S was i n  a l l  cases  less than 10% of  tha$ charged i n  t h e  75g. of SRC. 
Subszant ia l ly  more e l imina t ion  of S a c t u a l l y  occurred,  based on t h e  analyses  of 
asphaltene and o i l  shown i n  Table 11. Sul fur  analyses  of t h e  toluene and 
t e t r a l i n  d i s t i l l a t e s  show t h e  presence of small amounts of  low-boiling s u l f u r  
compounds, and t h e  "missing" S i s  probably t o  be accounted f o r  i n  these  c u t s .  

O f  p a r t i c u l a r  i n t e r e s t  i s  the  H consumption i n  t h e  run with SnC12 c a t a l y s t  2 .  (Ser ies  2). 
runs  w i t h  Co/Mo/Al 0 (Ser ies  3) .  This  r e s u l t  may be c o r r e l a t e d  with t h e  
r e l a t i v e l y  poor ma$e?ial balances i n  t h e  SnC12 runs ( c f .  Table IV, below) and 
with t h e  r e l a t i v e l y  r i c h  content  of low-boi l ing c o n s t i t u e n t s  i n  t h e  "oi l"  
f r a c t i o n  from t h e  SnC12 runs (cf .  Figure 2 ,  below). 

I t  was much h igher  than I n  t h e  blank runs (Ser ies  1) o r  i n  t h e  

The d i f f e r e n c e  between average va lues  f o r  H2S discharged,  f o r  t h e  blank 
runs and f o r  those with SnC12 o r  Co/Mo/Al 0 , was found by a p p l i c a t i o n  of t h e  
"t" t e s t  t o  be s i g n i f i c a n t  only a t  t h e  8Og I e v e l .  
CH4 discharged a r e  not  shown i n  Table I .  
run t o  run, and t h e  average value f o r  CH 
corresponds t o  a conversion t o  CH 

Values f o r  t h e  weight of  
These showed almost no v a r i a t i o n ,  
produced was about 1.7g. This 

of  about 2% of t h e  carbon i n  t h e  75g. of 4 
4 SRC charged. 

Table I1 contains  the  elemental ana lyses  f o r  t h e  o i l  and asphal tene 
f r a c t i o n s  from each run.  
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Run No. 

Feed 
S RC 
1 

1 A  

2 

2A 

2 B  

3 

3A 

Product 

-- 
O i  1 
Asphaltene 
O i  1 
Asphaltene 
O i  1 
Asphaltene 
O i  1 
Asphaltene 
O i l  
Asphaltene 
O i l  
Asphaltene 
O i  1 
Asphaltene 

Table I1  

Elemental Analyses 

Atom Ratio W t . %  W t . %  
(H/C) __ C H - 

0.83 86.66 5.99 

1.20 
0.77 
1.11 
0.87 
1.10 
0.87 
1 . 1 2  
0.86 
1.08 
0.87 
1 . 1 2  
0.88 
1.18 
0.87 

87.57 
89.62 
88.32 
88.28 
88.58 
89.87 
89.22 
89.69 
88.97 
89.35 
87.49 
88.28 
83.70 
87.96 

8.74 
5.77 
8.20 
6.38 
8.10 
6.52 
8.30 
6.46 
8.02 
6.47 
8.20 
6.49 
8.26 
6.38 

W t . %  
N 

1.33 

0.05 
1.82 
0.24 
1.82 
0.63 
0.73 
0.81 
1.32 
2.38 
1.13 
0.15 
1.70 
0.37 
1.49 

- 
W t . %  W t . %  0 
__ S (by d i f . )  

0.70 5.32 

0.09 3.55 
0.38 2.41 
0.27 2.97 
0.41 3.11 
0.26 2.43 
0.37 2.51 
0.24 1.43 
0.39 2.14 

< 0 . 1 5  0.48 
0.37 2.68 

<0.15 4.01 
0.40 3.13 
0.23 7.44 
0.46 3.71 

With the  exception of Run 1, which involved d i s t i l l a t i o n s  a t  atmospheric pressure ,  
t h e  H/C atom r a t i o s  were almost t h e  same f o r  a l l  of  t h e  o i l  samples, and almost 
t h e  same f o r  a l l  of  t h e  asphal tene samples. 
lower than t h a t  of  t h e  SRC feed,  which occasions no s u r p r i s e .  Furthcrmore, w i t h i n  
t h e  l i m i t a t i o n s  of t he  lower bound f o r  t he  S analyses ,  a l l  o i l  samples had 
approximately t h e  same S content ,  as was a l s o  t r u e  f o r  a l l  asphal tene samples. 

The S contents  of  a l l  f r a c t i o n s  were 

The i n t e r e s t i n g  f e a t u r e s  of t h e  elemental analyses  re la te  t o  t h e  quest ions 
of  N e l imina t ion  and o f  0 el iminat ion from the  SRC a s  a func t ion  of  c a t a l y s t .  
average N e l imina t ion  f o r  Ser ies  1 (blank) was 9%; f o r  S e r i e s  2 (SnC1 ) ,  38%; and 
f o r  Se r i e s  3 (Co/Mo/A1203), 1%. 
c a t a l y s t  > Co/Mo/A1203 f o r  e f fec t iveness  i n  N e l imina t ion .  
e l iminat ion f o r  Se r i e s  1 was 57%; f o r  S e r i e s  2 ,  69%; and f o r  S e r i e s  3,  42%. 
Again t h e  rank order ing is SnC12 > No c a t a l y s t  > Co/Mo/A1203. 

of  Kentucky coal  with those  obtained i n  t h e  present  s t u d i e s  f o r  t h e  hydrogenolysis 
of  SRC made from Kentucky coa l .  
used i n  both s t u d i e s ;  t e t r a l i n  was used a s  solvent  i n  both cases;  and t h e  
Co/Mo/A1203 c a t a l y s t  was t h e  same ba tch  of  Harshaw 0402T i n  both cases .  

The 

The rank order ing,  t h e r e f o r e  was S n d 2  > > No 
The average 0 

Table I11 compares r e s u l t s  reported by Yen e t  a l .  (1976) f o r  t h e  hydrogenolysis 

The same autoclave (Magnedash) and condi t ions were 
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Table I11 

Comparison of Coal and SRC 

Coal* SRC** 
Quantity Blank Run Co/Mo/A1,03 Blank Run Co/Mo/A1,03 

% S in  O i l  0.25 0.21 0.18 <0.19 

% S in  Asphaltene 0.27 0.47 0.40 0.43 

34 O i  1 
(Oil  + Asphaltene) 49 19 5 

*Data from Yen e t  al .  (1976). "Blank Run" = Run T-3; "Co/Mo/Al 0 " = Run T-4. 
**Present work. Data given a r e  average values  for.Runs 1 and 11 $or "blank", 

Runs 3 and 3A f o r  "Co/Mo/A1203":. see  Table IV. 

The S contents  i n  both t h e  o i l  and t h e  asphal tene f r a c t i o n s  were s l i g h t l y  
lower i n  t h e  SRC runs than i n  t h e  corresponding f r a c t i o n s  from whole coal .  This 
i s  not surpr i s ing ,  of course, s i n c e  t h e  organic  S of t h e  coal  i s  already 
s i g n i f i c a n t l y  reduced i n  the  process  of  making SRC. 
(1) t h e  o i l  production i n  the SRC runs ( c f .  Table I V )  was except ional ly  low 
r e l a t i v e  t o  the runs with whole c o a l ,  and ( 2 )  t h e  o i l  production from SRC was 
even lower in  t h e  presence of Co/Mo/Al 0 2 3  may be suggested: 

It is s u r p r i s i n g  tha t  

than with no c a t a l y s t .  Two impl ica t ions  

1. The lower o i l  production from SRC i s  c o n s i s t e n t  with the  not ion ,  
now genera l ly  accepted, t h a t  t h e  ash i n  the  coal  i s  c a t a l y t i c a l l y  
a c t i v e  and i t s  removal i s  harmful ( c f .  "SRC I" vs .  "SRC 11" 
processes) .  This r e s u l t  i s  reminiscent of t h a t  reported by 
Weller and Pe l ipe tz  (1951). In t h e  e a r l i e r  work it was found 
t h a t  under i d e n t i c a l  experimental condi t ions with no added 
c a t a l y s t ,  whole P i t t sburgh  seam coal  showed 50-60% conversion, 
whereas low-ash (1.4%) hand-picked anthraxylon from the  same mine 
showed only 30% conversion. Since i r o n  p y r i t e  is so important 
an ash cons t i tuent  i n  high-ash coa ls ,  t h i s  again i s  not  surpr i s ing :  
(a) t h e  commercial development of  t h e  Bergius process  by I.G. 
Farbenindustr ie  included Luxmasse, a high-iron mater ia l ,  i n  t h e  
c o a l - o i l  pas te ;  (b) impregnated i ron  s u l f a t e  is known t o  be an 
exce l len t  c a t a l y s t  f o r  coal  l i q u e f a c t i o n  (Weller and Pe l ipe tz ,  
1951a). 

The d e l e t e r i o u s  e f f e c t  o f  Harshaw Co/Mo/A1203 on o i l  production 
r'rom SRC, r e l a t i v e  t o  no added c a t a l y s t ,  may r e f l e c t  an undesired 
polymerization o f  feed o r  products occurr ing a s  a r e s u l t  of the  
a c i d i c  support ( s i l i c a - s t a b i l i z e d  alumina). Variat ion of t h e  
support a c i d i t y  was not  s tud ied  i n  t h e  present  work, but  it 
should be examined. 

2 .  

Table I V  summarizes the  mater ia l  balances,  t o t a l  " l iquefact ion",  and t h e  
o i l  and asphal tene d i s t r i b u t i o n s  f o r  t h e  ind iv idua l  runs.  
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Table IY 

Product Distributions. 

1 
1 

I 

I 

I 

I 

Run 
No:' - 

I.... 

1A 

2 

2A 

2B 

3 

3A 

Total 
Products 

Recovered (8.) 

61.7 

64.8 

50.5 

56 .3  

59.8 

67.6 

69.9 

% Oil, % of Asphaltene. $ 
Liquefaction"' Total Products of Total Products 

Not detnd. 22.1 77 .4  

93 .7  14.0 77 .2  

100.0 

99.6 

99 .8  

94.5 

94.1 

13.5 86.5 

21.8 77.5 

20.5 79 .1  

2 .7  9 0 . 1  

5 .9  87.2 

(Oil) x 100 
(Oil + Asphaltene) 

22.2 

15.4 

13.5 

22.0 

20.6 

2.9 

6 . 3  

'75g. SRC + 3008. tetralin charged in each N n .  
**See Table 1 for identification. 
***% Liquefaction = 75 - Toluene insalubles (including catalyst) 

x 100 75 

"'*Distillations in Run 1 made at atmospheric pressure. Vacuum distillation (30-35 Torr.) under NZ used in 
all other runs. 

Two points should be noted: 

1. Although the liquefaction is high in all cases, it is highest in 
the SnC12 runs. (Note: Correction for the catalyst in the 
toluene insolubles would increase the % Liquefaction to 95.8% in 
Run 3 and 95.5% in Run 3A. The very small amount of toluene in- 
solubles in Runs 2 ,  2A, and 2B means that the SnCl has been some- 
how "solubilized"; it is = present in the tolueng insolubles.) 
Although the material balances are low in all cases, they are 
consistently lower in the SnC12 runs. 
attributed to low-boiling liquid products from the SRC which are 
lost to the overhead during the toluene and tetralin distillations. 
The particularly high losses in the SnC12 runs are consistent with 
(a) the higher H consumptions observed in these runs (Table I), 
and (b) the eviience for many low-boiling constituents in the 
recovered oil fractions (cf. Figures 2 and 3 ,  below). If this 
interpretation is correct, then the attribution of the "missing" 
material to distillation of low-boiling fractions of the oil 
product would mean that all the oil recoveries listed in Table 
IV may be lower than the true values. 
true for the SnC12 runs. 

2. 
The losses are tentatively 

This would be particularly 

Figures 2 and 3 are illustrative of the gas chromatograms obtained on the 
oil fractions. 
the oil from Run 3A (Co/Mo/A1203). 

Figure 2 is for the oil from Run 2A (SnC12); Figure 3 is for 
In both cases there was some residual 
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(unstr ipped)  so lvent ,  t y p i c a l l y  a mixture of t e t r a l i n  and naphthalene. In 
both cases  t h e r e  was a major, sharp  peak with a r e t e n t i o n  time of  13.5 minutes 
( a t  270'C.) i n  t h i s  temperature-programmed chromatogram. The i d e n t i t y  of  t h i s  
component i s  unresolved. However, c o r r e l a t i o n s  of  r e l a t i v e  r e t e n t i o n  time vs .  
carbon number and vs .  normal b o i l i n g  p o i n t  were used t o  p r e d i c t  t h a t  t h e  13.5 
minute peak could correspond t o  a compound analogous t o  an alkane o f  carbon 
number C The sharpness of t h e  
peak and2?he est imated carbon number make it tempting t o  a t t r i b u t e  t h e  peak t o  
some dimeric  ( i . e . ,  C , with M = 260)  spec ies  o r i g i n a t i n g  from t h e  t e t r a l i n  
so lvent ,  and not  from2?he SRC. 
o f  t h e  molecular weight of t h e  t o t a l  o i l  f r a c t i o n s  rout ine ly  showed an average 
molecular weight i n  t h e  range 250-300. The r i c h  mixture of  peaks i n  t h e  
SnCl run (Figure 2)  between naphthalene and t h e  "13.5 minute unknown" pre-  
sumagly represents  low-boiling products  i n  t h e  o i l ,  der ived from t h e  SRC with 
SnCl c a t a l y s t .  I t  is noteworthy t h a t  these  peaks a r e  almost absent  i n  t h e  
Co/:d/Al2C3 run (Figiirc 3) .  
Figure 2 i s  cons is ten t  with t h e  high H consumption and t h e  very low mater ia l  
balances when SnCl is used. O i l  consgi tuents  with r e t e n t i o n  times longer  than 
13.5 minutes a t  276"C., t h e  h i g h e s t  temperature  chosen f o r  use with t h e  OV-101 
columns, would not  have been de tec ted ;  t h e  G.C. a n a l y s i s  was terminated a t  t h i s  
p o i n t .  

-Czl and a normal b o i l i n g  p o i n t  o f  ca. 365OC. 

Our de te rmina t ions ,  by vapor-phase osmometry, 

A s  po in ted  out  above, t h e  chromatogram shown i n  
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I1 l u s t r a t  ions  

Figure 1 .  Analyt ical  Procedure 

Figure 2 .  Chromatogram of O i l  Fract ion from Run 2A 

Figure 3 .  Chromatogram of O i l  Fract ion from Run 3A 

Autoclave 
Residue C.C. Ket Test Products 3 H ~ S  4 

Absorption Analysis Meter 
Vent Liquids ' 

Filtered Through 
Soxh let Thimhl e 

- 5 5 0  me 
S o l i d s  Toluene 

& 

Vacuum Vacuum Vacuum Soxhlet Extraction 
i i i t h  Toluene Extract . ~ i ~ ~ i l l ~ ~ i ~ ~ ,  Resid; ~ i ~ ~ i l l ~ ~ i ~ ~ ,  Resid, Distillation, 

9S0C to 1050c above 105OC. 
' 
25'C to 95OC - 

I-- 
Distillate : Solids 

: Residue 
Toluene 

Pentane 
Insolubles 

Gravity 
of Solids Filtration, 

with Pyridine Hot 

Solids 1 Extract 
1 I 

Vacuilm i)ried, 
B O " C . ,  10 in. Hg 

Pyridine -- Insolubles 
_- 

Figure I .  An3lytical Procedure 
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- Figure 2 
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